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ABSTRACT
International Journal of Exercise Science 12(2): 1280-1289, 2019. The purpose of this study was to
examine the acute effects of caffeine supplementation on velocity and power output during bench press and back
squat exercises. Resistance trained males (n = 12) consuming less than 300 mg of caffeine daily, were recruited for
this study. In a blinded crossover study design, participants supplemented with 6 mg· kg-1 caffeine or placebo
(placebo, gluten-free cornstarch) 60 min prior to exercise. Participants completed 3 × 1 repetition with maximum
explosive intent at 80% of their 1-RM for bench and squat exercises with two minute rest periods between each
repetition. A linear position transducer was used to measure power and velocity of barbell movement. Each trial
was separated by a 72 h washout period. Results indicated that mean velocity (p = 0.027; ES = 1.04) and mean power
(p = 0.008; ES = 0.24) were higher during bench press exercise with caffeine versus placebo. Furthermore, mean
velocity (p = 0.005; ES=1.06) and mean power (p = 0.020; ES = 0.71) values were higher for back squat exercise with
caffeine versus placebo. This study suggests that caffeine ingestion imposes ergogenic benefits by increasing
velocity and power in both upper and lower body resistance exercises. However, caffeine had a larger effect on
lower body power output versus upper body exercise. Results may hold important implications for using caffeine
during training.

KEY WORDS: Bench press, squat, ergogenic aid, weight training, concentric velocity, power
output
INTRODUCTION
Caffeine is one of the most widely used psychoactive substances in the world, due to its ability
to increase neural drive, arousal, and alertness (8). Since its removal from the banned drug list
by the World Anti-Doping Agency (WADA) in 2004, it is estimated that approximately 73.8% of
elite athletes consume caffeine prior to competition (11). Many investigations have reported
ergogenic benefits of caffeine use in various types of exercise including endurance and
resistance/strength based activities (14, 19, 36), although some literature is conflicting (1, 7, 10).
These conflicts may be due to differences in dosage, type of exercise, timing of ingestion before
exercise, and load lifted during exercise. For strength and power training, the physiological
mechanisms responsible for ergogenic properties are not fully understood. Previous evidence
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has suggested that caffeine may increase motor unit recruitment, muscle activation, and firing
rates of motor neurons (25). Given this information, caffeine and caffeine -containing
supplements have become increasingly popular when paired with resistance exercise as
enhancement of motor unit recruitment and muscle activation may lead to greater performance
and adaptation (34). Since the evidence supporting performance enhancement during resistance
training is equivocal, further study is warranted.
The effects of caffeine and caffeine -containing supplements on resistance exercise performance
have largely been studied through both muscular endurance and strength (1, 3, 7, 14, 19). Green
et al. (19) reported that caffeine ingestion led to increased leg press repetitions during repeated
sets to failure despite no differences in rate of perceived exertion (RPE) suggesting caffeine may
alter pain responses thereby delaying fatigue. However, other studies have shown no practical
differences in muscular endurance or have reported a placebo effect accompanying
supplementation leaving the exact contribution to performance enhancement equivocal (1, 7).
In regards to strength, multiple groups have reported increases in upper body strength in
particular with caffeine ingestion (3, 7, 17). Beck et al. (3) reported increases in bench press onerepetition maximum (1-RM) with caffeine supplementation in males. However, similar to
findings measuring muscular endurance with caffeine, there have also been multiple reports
that have reported no changes in strength with supplementation (1, 2).
Previous studies have shown caffeine to have an ergogenic effect on power during Wingate
anaerobic testing (WaNT) (20) and seated medicine ball throws (21), as well as an increase in
jump height (6). The effects of caffeine supplementation on power and velocity during
traditional resistance exercise has been comparatively less studied. Mora-Rodriguez et al.
showed that caffeine ingestion can attenuate time-of-day declines in velocity during resistance
based exercise (29). However, a carbohydrate rich meal was ingested with the caffeine. Given
that previous evidence has shown that carbohydrate ingestion can acutely improve muscle force
output and impact caffeine absorption (35, 38), power and velocity changes may have been
impacted. In a follow-up study, Mora-Rodriguez et al. showed that caffeine increased
propulsive velocity during Smith machine exercises (30). However, velocity measurements may
have been altered due to the fact that Smith machine exercises have no horizontal component
compared to free-weight exercise. Given this information, more study is warranted on caffeine
ingestion and velocity during free-weight resistance exercise. Recently, a meta-analysis
reviewing the effects of caffeine on power output and strength suggested that caffeine might
impose greater ergogenic benefit in upper body exercise versus lower body exercise and
suggested further study (22). Thus, the following study sought to investigate the efficacy an
effects of caffeine on power output and velocity during free-weight back squat and bench press
exercises. We hypothesized that acute caffeine ingesting would increase power and velocity in
upper and lower body barbell exercises. We also hypothesized that the upper body performance
would be affected to a greater extent when compared to lower body performance.
METHODS
The following investigation used a randomized, counterbalanced, crossover study design to
investigate the effects of caffeine ingestion on velocity and power output during resistance
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exercise. Resistance-trained, college-aged males volunteered to participate and participated in 3
visits. For the first visit, participant’s one repetition maximum (1-RM) was obtained for bench
press and back squat. For the following 2 trials, participants were randomly grouped and
consumed caffeine or placebo and completed 3 sets × 1 repetition as explosively as possible.
Comparisons were drawn between caffeine and placebo for mean velocity and power during
back squat and bench press exercises averaged over the 3 sets. Visits were separated by a 72
hour washout period.
Participants
Resistance-trained males (n = 12) between the ages of 18-24 were recruited for this investigation.
Descriptive characteristics are presented in (Table 1). Resistance-trained was defined as
participating in resistance exercise training a minimum of 2-3 days a week (27). Participant
suitability for exercise was determined using a modified physical activity readiness
questionnaire (PAR-Q) which excluded participants who reported upper or lower body injuries
in the past six months, metabolic disease, cardiovascular disease, musculoskeletal disease, or
other health problems. A caffeine consumption questionnaire was used to approximate daily
caffeine consumption. To avoid heavy caffeine users, participants were excluded if they
reported consuming greater than a moderate amount of caffeine daily (>300 mg) (28). All
participants had previous experience performing back squat and bench press exercises in
particular. Informed consent was obtained from each participant prior to data collection and all
experimental procedures were approved by the Samford University Institutional Review Board
(IRB). This research was carried out in accordance to the ethical standards of the International
Journal of Exercise Science (31).
Table 1. Descriptive characteristics (n = 12).
Characteristics
Age (yrs)
Body mass (kg)
Bench press 1-RM (kg)
Back squat 1-RM (kg)
Relative bench press [1-RM (kg)/ BM (kg)]
Relative back squat [1-RM (kg)/ BM (kg)]
Supplement amount (mg)

Mean ± SD
20.0 ± 1.7
83.9 ± 13.0
92.4 ± 24.6
121.4 ± 24.8
1.1 ± 0.1
1.4 ± 0.1
504.0± 78.7

Protocol
Supplementation: Participants supplemented with either pure caffeine anhydrous (Dual health
Body & Mind, USA) or placebo (gluten-free cornstarch) at a dosage of 6 mg· kg-1 prior to each
testing session after a 4 hour fast. Caffeine and placebo were administered to the participants 60
minutes before each exercise trial (15, 16). Both caffeine and placebo were dissolved in
approximately 500 mL of water with a commercially available sugar-free drink mix to mask
taste. Participants were instructed to consume the entirety of the supplement within 5 minutes.
Prior to each session, participants were instructed to abstain from any caffeine, nicotine, and
alcohol for a minimum of 24 hours.
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One-repetition Maximum (1-RM) Testing and Familiarization: For the first session, a light
warm-up was performed prior to each 1-RM test. Briefly, participants completed 5 reps of 50%
and 3 reps at 70% of their perceived 1-RM with 3 minutes of rest in between sets. Following the
warm-up, barbell load was increased by 2.0 - 20.0 kg for each attempt until the participant could
not complete the lift. The 1-RM weight was determined within four attempts with three- to fivemin rest periods between each attempt (27). This protocol was used for both bench press and
back squat exercises in that order. A rest period of 10 min separated the completion of the bench
1-RM assessment and the beginning of the back squat 1-RM assessment. Following 1-RM testing,
participants were familiarized with the protocol of lifting with maximum explosive intent for
each exercise. Participants lifted a standard 20-kg Olympic barbell as fast and explosively as
possible for a total of three repetitions which was repeated for a total of three sets.
Exercise Testing: Following the ingestion of the supplement, participants began with a brief
warm up consisting of 3 repetitions of an unloaded standard 20-kg Olympic bar, 2 repetitions at
40% of 1-RM, and 1 repetition at 65% of 1-RM. Each set was separated by a 2-min rest period
and warm ups were identical between bench press and back squat. Following the bench press
warm up, participants bench pressed 80% of 1-RM for one repetition as explosively as possible
for a total of three sets with 2-min rest periods between. After 5-min of rest, participants
completed the subsequently mentioned warm up for back squat and squatted 80% of 1-RM for
one repetition as explosively as possible for a total of three sets with 2-min rest periods between.
80% of 1-RM was chosen based off evidence that weights greater than 75% 1-RM are needed to
elicit maximal strength adaptations (26). During all exercises, a linear position transducer
(GymAware, Kinetitech Performance Technology, Australia) was attached to the barbell to
obtain velocity and power measurements. This device has been previously validated for velocity
and power measurements (24, 32). In addition, it has shown excellent test-retest reliability in our
laboratory (ICC (3,1) = 0.932; SEM = 0.019; MD = 0.054; n = 12). The device was used according
to manufacturer’s instructions such that the device was attached to the barbell with a
perpendicular angle being achieved throughout the entirety of lifts (23). Although some
participants completed their trials in the morning and some in the evening, each participant
completed all trails within 2 hours of the same time of day.
Statistical Analysis
All data were analyzed using SPSS 25 (IBM, Armonk, NY). All performance variables were
averaged over all three repetitions and analyzed using a paired samples t-test. Cohen’s d effect
sizes were calculated for all performance variables as caffeine minus placebo divided by the
pooled standard deviation with the following interpretation: 0.2 – small, 0.5 – moderate, and 0.8
large (9). All data are presented as mean ± standard deviation (SD). Significance was set at p ≤
0.05 a priori.
RESULTS
Bench press and back squat mean velocity (m· s-1) are shown in (Figure 1). Mean velocity during
the bench press exercise was significantly higher with caffeine than placebo (placebo = 0.50 m·
s-1 ± 0.05, caffeine = 0.56 m· s-1 ± 0.06; p = 0.027; ES = 1.04). Similarly, mean velocity during the
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back squat exercise was significantly higher with caffeine than placebo (placebo = 0.57 m· s-1 ±
0.06, caffeine = 0.63 m· s-1 ± 0.04; p = 0.005; ES = 1.06). Mean power (W) during the bench press
and back squat are shown in (Figure 2). For bench press, was significantly higher with caffeine
than placebo (placebo = 371.0 watts ± 107.1, caffeine = 398.3 watts ± 109.5; p = 0.008; ES = 0.24).
Also, mean power was significantly higher during back squat exercise with caffeine versus
placebo (placebo = 1,042.4 watts ± 157.0, caffeine = 1,172.0 watts ± 210.6; p = 0.020; ES = 0.71).

Figure 1. Mean velocity during bench press and back squat exercise. Data are presented at mean ± SD. * indicates
significantly different from placebo (p < 0.05).

Figure 2. Mean power output during bench press and back squat exercise. Data are presented at mean ± SD. *
indicates significantly different from placebo (p < 0.05).
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DISCUSSION
Caffeine has been repeatedly reported to have ergogenic properties in both endurance and
resistance exercise. Few investigations have examined the effects of caffeine, velocity, and power
output during resistance training. There is some evidence that caffeine supplementation may
attenuate declines in velocity due to time-of-day and that caffeine may improve power output
during bench press repetitions to failure (12, 29). However, previously mentioned limitations
have made it difficult to make a conclusion on how caffeine influences velocity and power
during free-weight resistance exercise. Thus, the current study sought to investigate the effects
of caffeine supplementation on velocity and power output during the back squat and bench
press exercises further. Findings from this study reveal that caffeine ingestion increases velocity
and power output in both free weight bench press and back squat exercises. Counter to our
hypothesis, caffeine ingestion had a larger effect on power output during lower body versus
upper body exercise. While precise mechanisms for these improvements are not fully clear at
this time, these findings hold important implications for the use of caffeine to increase
performance in explosive resistance exercise.
Previous research has provided evidence that caffeine enhances power output during lower
body and upper body power-based assessments and explosive movements (6, 20, 21). Our
results support these findings in that the current data suggests that caffeine improves
performance in both upper and lower body multi-joint barbell exercises. Interestingly however,
our results showed that caffeine ingestion only had a small effect on increasing bench press
power and a moderate effect on back squat power. This is in contrast with previous studies
suggesting that acute caffeine ingestion may improve upper body exercises to a greater degree
(22). Differences in these results may be due to the modality of exercise used to measure power
output of the lower body. The current study used 80% of 1-RM back squat, while previous
investigations used body weight or low-load exercises such as the counter movement jump and
squat jump (Grgic et al. 2018). Mora-Rodriguez et al. reported that caffeine reversed declines in
velocity of barbell movement due to time-of-day influences after standardization (29). Given
that the current study standardized for time of day, our results confirm these findings. Of
particular note, our results also further support Mora-Rodriguez et al.’s reported ergogenic
effects of using a caffeine dose of 6 mg· kg-1. Our findings of increased power also support
previous research that showed increases in power output during bench press repetitions to
failure in Brazilian Jiu-jitsu athletes (12). However, Diaz-Lara et al. used a considerably lighter
load (~45% of 1-RM) and lower dose of caffeine (3 mg· kg-1) than that used in the current study.
Thus, our results suggest that caffeine also imparts ergogenic benefit even at heavier loads albeit
with a higher dosage. From our data alone, it is unknown whether lower doses of caffeine impart
benefits to velocity and power during resistance exercise at heavy loads. Future research is
needed to determine if caffeine can concurrently increase power and velocity of barbell
movements at lower doses and what threshold dose is needed to see improvements in
performance.
The physiological mechanisms responsible for increased power and velocity are not fully
known. As previously mentioned, caffeine has previously been reported to increase muscle
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activation and motor unit recruitment (25). While not confirmatory in current experiment, our
results support this notion in that increased muscle activation and recruitment of motor units
lead to greater power output and velocity (34). Thus, the increases in mean velocity and power
output during the caffeine trial may be due to modulation of muscle activity. Our results are
further supported by previous evidence showing that caffeine can enhance force production and
performance during ballistic movements (5). However, how our results translate to changes in
performance such as muscular strength and endurance are not currently clear. caffeine in
particular is also known for its ability to increase alertness and arousal (8). Another possible
explanation for the increases in mean velocity and power output in the current study may be
due to increased arousal thereby modifying effort and focus. This is bolstered by previous
evidence of various factors which increase arousal leading to increases in exercise performance
(4, 13). More particularly, evidence has suggested that increasing arousal enhances muscular
force production (37). To our knowledge, it is not fully clear how arousal contributes to changes
in power and velocity during resistance exercise. Thus, future studies are needed to determine
the contribution of arousal in particular with caffeine and resistance exercise.
The novelty of our results show that mean power and velocity is increased during lower body
and upper body multi-joint free-weight barbell exercises. The back squat and bench press
exercises are commonly used by athletes to develop muscular strength and power to enhance
sport-specific performance. A study by Pareja-Blanco et al. (33) demonstrated that training at
higher concentric velocities in the back squat was more effective at increasing lower body
maximum strength and CMJ height. Furthermore, a group that trained at higher concentric
velocity in the bench press achieved greater increases in bench press strength than a group
training at 50% lower velocity (18). While these studies purposefully had one group train at a
slower velocity, these findings suggest that greater adaptations occur when higher concentric
velocities are achieved for a given relative intensity. The results of our study demonstrate that
caffeine significantly increases concentric velocity in an acute exercise bout. Thus, the acute
increases in concentric velocity following caffeine supplementation may lead to greater longterm adaptations to training. Future studies should investigate chronic caffeine consumption
prior to training and whether it leads greater long-term enhancements in muscular strength and
power.
While the current study presents new information regarding caffeine supplementation and
resistance exercise performance, there were several limitations to the study. The current study
did not elucidate a physiological mechanism for improvements in performance. Thus, it is still
unknown what physiological factors contribute to the changes in velocity and power output and
warrants further study. Also, only one load was used for testing (80% 1-RM). While this load is
commonly used by athletes training to increase strength and hypertrophy, it is unknown
whether our supplementation protocol translates to lighter or heavier loads. The participants
for the current study were resistance trained college males. Thus, it is unknown if different ages
or populations would be impacted differently. Lastly, only a single-time dosage of 6 mg· kg-1
was used prior to exercise. Thus, it remains unknown how long-term supplementation impacts
performance and adaptations.
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In conclusion, the results from the current study show that acute caffeine ingestion enhances
velocity and power output during both upper and lower body resistance exercises. Future study
is needed to describe the physiological mechanisms responsible for increases in velocity and
power output with caffeine supplementation. Given that acute supplementation increased
concentric velocity and previous evidence suggests this may lead to greater adaptation, this
study holds important implications for use of caffeine to enhance training adaptations during
resistance exercise.
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